Throughout the history of dialysis, four bioethical principles -beneficence, nonmaleficence, autonomy and justice -have been weighted differently based upon changing forces of technologic innovation, resource limitation, and societal values. In the 1960s, a committee of lay people in Seattle attempted to fairly distribute a limited number of maintenance hemodialysis stations guided by considerations of justice. As technology advanced and dialysis was funded under an amendment to the Social Security Act in 1972, focus shifted to providing dialysis for all in need while balancing the burdens of treatment and quality of life, supported by the concepts of beneficence and nonmaleficence. At the end of the last century, the importance of patient preferences and personal values became paramount in medical decisions, reflecting a focus on the principle of autonomy. More recently, greater recognition that health care financial resources are limited makes fair allocation more pressing, again highlighting the importance of distributive justice. The varying application and prioritization of these four principles to both policy and clinical decisions in the United States over the last 50 years makes the history of hemodialysis an instructive platform for understanding principlist bioethics. As medical technology evolves in a landscape of changing personal and societal values, a comprehensive understanding of an ethical framework for evaluating appropriate use of medical interventions enables the clinician to systematically negotiate and optimize difficult ethical situations.
Introduction
Though hemodialysis was conceived in the 1940s, maintenance dialysis only became feasible in 1960 when the Quinton-Scribner shunt allowed repeated vascular access (1) . However, the technology itself does not determine which patients are most appropriately treated, and the indications for dialysis initiation would be vigorously debated for decades to come. The early days of dialysis will long be tied to the controversial life and death decisions of the Admissions and Policy Committee of the Seattle Artificial Kidney Center (2) . Traditionally the protected realm of autonomous individual physicians, allocation of medical resources was for the first time in the hands of people without medical training, including philosophers, lawyers, and citizens, a transition that historian David Rothman and bioethics scholar Albert Jonsen said signaled the entrance of bioethics into medicine (3, 4) . The sociologist Judith Swazey noted, "Patient selection was certainly the most visible and therefore most discussed issue posed by the limited availability of chronic dialysis in the early 1960s, but it was by no means the only troubling matter that this procedure raised for medical technologies. The Seattle group was struggling . . . with a number of issues that at once were medical, moral, social, and would become major foci of those who wandered in and became known as bioethicists." (5) As Swazey alludes, appropriate use of dialysis was a harbinger for many bioethical challenges now regularly encountered during the development of new technologies such as transplantation, extracorporeal membrane oxygenation, and artificial organs. Dilemmas related to ESRD feature prominently in Beauchamp and Childress' 1979 text describing principlism, one of the first and still a dominant model of biomedical ethical analysis (6) . Several alternative frameworks of ethical reasoning have been developed since, including casuistry, narrative-based ethics and virtue-based ethics (7) . As a seminal model of ethical analysis, principlism lays the foundation for other strategies. We will examine the history of dialysis through the lens of principlism, elucidating the four principles -beneficence, nonmaleficence, autonomy and justice -as each come into focus over this chronology (Figure 1 ).
Justice and Scarce Resources: The "Life or Death Committee"
The Seattle Admissions and Policy Committee When the Seattle Artificial Kidney Center (later renamed Northwest Kidney Centers) opened in 1961, there were an estimated 5-20 candidates for maintenance dialysis per million people annually (8) . With an estimated cost of at least $12,000 per patient each year and only three available machines, treating even that number would overwhelm the center's capacity (8) . The physician Medical Advisory Committee reduced the number of potential patients using medical suitability criteria including comorbidities (excluding those with long-standing hypertension, coronary artery disease, and vascular disease), ability to participate in care coordination, and age, as well as several nonmedical criteria (requiring residence in the Pacific Northwest and personal financial viability) (5). To choose among remaining medically appropriate candidates, the Admissions and Policy Committee was appointed, composed of seven citizens: a lawyer, clergyman, housewife, banker, labor leader, state official, and surgeon; chosen to represent broader societal values (8) . The panel considered several methods of allocation, including random selection and "first-come, first-served," before ultimately settling on social worth as the main criterion for selection. Social worth, in the committee's assessment, derived from a combination of characteristics including age, sex, marital status, number of dependents, income, net worth, emotional stability, education, occupation, and potential for future societal contributions. During meetings, the committee debated the relative merits of individuals in terms of these qualities, but without a systematic form of evaluation. An article in Life Magazine by Shana Alexander brought this "Life or Death Committee" into the public awareness (2) , where it received criticism for representing narrow, white middle class values (8) . A scathing critique published in the UCLA Law Review noted, "the Pacific Northwest is no place for a Henry David Thoreau with bad kidneys." (9) Justice and an Absolutely Limited Resource
Faced with demand outstripping available dialysis machines and funding, the Seattle Artificial Kidney Center was placed in the unenviable position of being unable to provide for every patient in need. In this context, the principle of justice took a primary role in defining appropriate use of dialysis. Justice relates to the fair treatment of persons or groups. More specifically, distributive justice describes how resources, such as physician time, technology, and medications, are allocated to individuals and populations. The early experience of dialysis allocation raised several fundamental concerns regarding rationing of medical resources, or the withholding of a beneficial intervention from one individual or group while offering it to another. While it is tempting to simply claim that rationing dialysis or other medical resources is itself unethical, it becomes unavoidable when resources, such as a certain number of dialysis machines, cannot be subdivided and are consequently absolutely limited. If rationing must occur, the salient questions focus on the criteria of distribution, including who should decide on these criteria.
Although physicians traditionally serve as gatekeepers of medical resources, some are concerned that the act of rationing makes a doctor a "double agent" who compromises his duty as patient advocate when tasked with allocation of a limited resource (10) . The Admissions and Policy Committee addressed this concern by taking some responsibility from the hands of physicians. Still, members of the Medical Advisory Committee played a large part in the initial selection process. It is not clear that physicians, who often have a unique perspective in understanding nuances of individual medical contexts, would or should totally abdicate this role (11) .
Criteria of distribution generally fall into two broad categories. Egalitarian criteria prioritize equal treatment (i.e., free-market, random distribution by lottery, first-come first-served) while utilitarian criteria attempt to maximize benefit (i.e., likelihood or duration of medical benefit, potential or past contribution to society, merit) across a population. A precedent for using utilitarian criteria for medical decisions has been established in battlefield triage, during which prioritization is given to those most useful, for example, soldiers who would be able to return to battle (12) . In the civilian context, the proper distribution criteria are less clear.
In the early days of dialysis, both the physician and layperson dialysis selection panels based their allocation decisions on various utilitarian criteria, including medical suitability and social worth. Social worth criteria have been extensively criticized for what, in retrospect, are subjective and potentially unfair discriminatory distinctions. Unlike in war, when a common goal of survival or victory unites different people, civilian life is composed of individuals with different value systems working towards varying goals. This made the Seattle Artificial Kidney Center's task of defining fair social worth criteria a difficult, if not an impossible one. Another limitation of the panel's strategy was the lack of an explicitly stated and consistent declaration of criteria (8) . The "closed door" meetings concealed the process of allocating dialysis, which might easily mask discrimination. This was especially problematic as the panel, ostensibly chosen to represent a wide scope of society, was criticized for embodying a dominant subset of it.
Considerations of Beneficence and Nonmaleficence with Expansion of Dialysis
The Social Security Act Amendment of 1972
As dialysis technology improved, the treatment shifted from an experimental therapy to standard of care. For those with ESRD, dialysis and transplantation are potentially lifesaving and can alleviate the symptoms of advanced kidney disease. In 1972, after lobbying by health professionals, patients, and families, the U.S. Congress passed Public Law 92-603, with section 299I entitling ESRD patients to receive Medicare benefits (13, 14) . This immediately reduced financial limitations on dialysis centers, and over the next few years, enrollment accelerated beyond anything anticipated by legislators. Not only did the number of patients starting dialysis exceed initial expectations, but patient demographics also changed dramatically. Earlier candidates were younger than 45 years old and screened for comorbidities. With funding available through Medicare, a growing number of older patients with comorbidities began dialysis. This trend was concurrent with the rise of the antiageism movement and establishment of the National Institute on Aging, as well as the disabilities rights movement, culminating in the Americans with Disabilities Act (15, 16) . Within 5 years, utilization had grown to the point that Dr. Belding Scribner suggested the need for a "deselection committee" because the criteria for starting dialysis had become so liberal (8) .
During the 1990s and early 2000s, several studies suggested that there were limits to the utility of dialysis in the elderly and those with comorbidities, for whom potential harm might outweigh benefit (17) (18) (19) (20) . The Institute of Medicine (IOM) responded with a call for clinical practice guidelines to suggest treatment strategies for dialysis patients "with limited survival possibilities and relatively poor quality of life." (21) In 1997 and 2003, the IOM published accounts of the American experience of death, stressing the harms of focus on aggressive intervention in the last years of life, as well as encouraging further investigation into end-of-life issues (22, 23) . Other burdens on patients and their families were increasingly recognized, including time spent at dialysis facilities, polypharmacy, cost, and risks of infection. Given the complexity of this balance as well as a subjective component of quality of life, metrics such as quality-adjusted life years (QALYs) were developed in an attempt to quantify value of treatment (24) .
Beneficence and Nonmaleficence: Balancing Benefit and Harm
After the Social Security Act of 1972, with technical limitations diminished and financial pressures lightened, the need for explicit consideration of justice in appropriate dialysis initiation became less prominent. Medical teams moved quickly to provide treatment for thousands of patients expected to die without maintenance dialysis, only later recognizing the importance of associated risks and burdens. The principle of beneficence describes a health care practitioner's obligation to actively improve the wellbeing of a patient. The concept of nonmaleficence describes the reciprocal imperative to avoid harm.
The undeniable benefit of survival offered by dialysis provided a strong argument for beneficence in initiating treatment outweighing all other considerations, so allegiance to this principle initially dominated. In part because of a growing sense of a technologic imperative to provide all care technically possible (25) , dialysis became the medical default. It was thought to be "morally unjustifiable to deny dialysis to a patient with ESRD." (8) The mindset shifted as the medical community recognized that not all patients were as likely to experience a survival benefit. Though it has been decreasing, the annual unadjusted mortality of patients with ESRD continues to be 18% (26) . An IOM report in 1991 questioned the value of dialysis in patients with limited functional status or life expectancy (27) . Even among those who gain longevity, the toll of treatment on quality of life sometimes outweighed the benefit, highlighting a role for the concept of nonmaleficence.
It is difficult to compare the relative value of outcomes such as longevity, cardiac events, and hospitalizations. Outcomes that are more subjective, although also potentially more important to patients, such as clarity of mind and energy, are even more difficult to quantify (28) . QALYs and other related metrics attempt to put qualitatively different outcomes on a common scale. Although not without controversy, this analysis offers a systematic comparison of benefit and burden rather than relying on an intuitive gestalt.
A further challenge in applying these principles is the difficulty in defining the focus of benefit and harm. Medical knowledge and practice is increasingly based on randomized controlled trials utilizing disease-based outcomes such as cardiovascular events and decline in kidney function. The prized outcome, and one of the easiest to measure, is change in mortality. However, these targets may lead to a narrow perspective of beneficence, prioritizing longevity over other values such as comfort and independence which may be more important to individual patients (29) . These complexities highlight the growing limitation of traditional concepts of beneficence and nonmaleficence as a basis for the decision to initiate dialysis. A more patient-centered approach focuses instead on the effect of treatment on an individual's goals, values, and preferences in the context of their experience and symptoms (28, 30) .
Technology in Service of Individual Values Shared Decision-Making for Complex Medical Choices
Years after the Social Security Act amendment made dialysis universally available, there remains a cultural sense that it should also be universally applied. Well meaning physicians present dialysis as a necessary step in advanced renal failure, neglecting discussion of alternatives (30, 31) . However, individual patients value longevity and quality of life differently. One study of patients with advanced CKD found that the majority would not choose prolonged life if it entailed significant pain and discomfort (32) . Despite these observations, most patients are not offered alternative treatment options (33) . If there is discussion of alternative options, it is late in the disease course, with approximately 50% of patients presented treatment options less than a month before, or even after, initiation of dialysis (33) . Despite known high mortality rates, most patients and physicians do not discuss end-of-life care prior to initiation of dialysis, and the majority of patients regret their decision to start (32) . For those who choose to initiate dialysis, patient experience varies greatly by modality. Options beyond treatment at a center three times weekly, such as home peritoneal dialysis or short daily or long nocturnal hemodialysis, can now be offered to appropriate patients (26) . The future promises even more dramatic innovation (34) . As these options differ greatly in their effect on daily life, the choice should be based largely on patient-specific values, which may include preservation of independence, amount of time spent on dialysis, need to travel, impact on family, and ability to continue important activities (35) .
In response to these concerns, a patient-centered approach to the treatment of ESRD is gaining traction (36) . The process of shared decision-making guides clarification of what matters most to patients and alignment of treatment to individual preferences (37) . In 1982, the President's Commission for the Study of Ethical Problems in Medicine and Biomedical and Behavioral Research described shared decision-making as the ideal model for complex medical decisions (38, 39) . In 2000, and in a revision in 2010, the Renal Physicians Association (RPA) established a clinical practice guideline for deciding to start or withdraw dialysis using this model (40) . More recently, the American Society of Nephrology identified shared decision-making for initiation of maintenance dialysis as a key recommendation for the American Board of Internal Medicine's Choosing Wisely campaign to improve patient care and resource utilization (41) . Important steps in shared decision-making include fully informing patients about diagnosis, prognosis, and treatment options and then forming decisions in the context of the patient's preferences and values.
Respect for Autonomy
Respect for autonomy reflects the idea that a well informed and autonomous person is in the best position to make decisions that support their own values and preferences. The typical burdens and benefits relevant to the majority of patients may or may not apply to a particular individual, whose decisions are dependent on their own life goals and self-image. Especially in the advanced kidney disease population, coexisting disease and disability make medical decisions complex. Benefit of dialysis and particular modality depends heavily on patient values in addition to the clinical scenario. Shared decision-making is a model for individualizing treatments by respecting autonomy.
The role autonomy plays in a clinical scenario relates to how a health care team acts to uphold it, but also to whether a certain patient is capable of being autonomous. Beauchamp and Childress describe three requirements necessary for a person to have autonomy: intentionality, understanding of the situation and freedom from controlling influences (6) . These criteria can be true to varying degrees, meaning a patient's autonomy is situation-dependent. The initiation of dialysis brings a dramatic life change that is difficult to conceptualize in advance, limiting a patient's ability to fully understand the decision. To the extent that they increase this understanding, discussion with physicians and interdisciplinary educational programs incorporating experienced patients, dialysis nurses, and other team members improves the ability to make informed decisions (42) . A patient cannot exercise autonomy if they are not presented with the range of viable options, including medical management without dialysis and the variety of dialysis modalities. Intentionality, or the ability to recognize and act according to one's own values, is also a key component of autonomy. Cognitive decline that may coexist with ESRD causes capacity for autonomous choice to diminish. Autonomy can be preserved by discussion of options earlier in the disease course. Advance care planning and discussion about preferences, as well as the designation of surrogate decision-makers can help promote autonomy. Given that surrogates bring their own values to a discussion, it is important to continue studying how they make decisions and strategies for encouraging substituted judgment (43) . Palliative care is increasingly recognized as crucial in defining patient preference and identifying barriers to autonomous decision-making. Because this need is ubiquitous, all providers should be proficient in primary palliative care; the basic skills all clinicians need to elicit patient values, preferences, and goals and use shared decision-making to establish the appropriate treatment plan (44) .
Even as autonomy is emphasized, other principles are recognized. Both the President's Commission and the RPA note that focus on patient preference does not require physicians to offer dialysis if they feel that the risk outweighs the benefit, especially in cases of profound neurologic impairment (39, 40, 45) .
Renewed Concerns of Justice in the Context of Limited Fiscal Resources Economic Changes and ESRD Spending
In the late 1960s, approximately 9000 ESRD patients were being treated with maintenance dialysis at any particular time. When the United States legislature passed the amendment to the Social Security Act in 1972 authorizing Medicare payments for ESRD treatment, annual cost per patient was estimated at $15,000-$20,000 (46) . Underlying passage of the amendment was a belief that dialysis would provide rehabilitation for a small number of citizens at a relatively low cost (47) . This utilitarian argument was upended by costs quickly exceeding expectations. In the first year of the program, 16,000 patients were enrolled at a cost of $229 million, rising to 90,000 patients and $1.9 billion only 10 years later (48) . In 2010, 7.9% of all Medicare outlays went to ESRD patients, who composed only 1.3% of beneficiaries (26) . The unanticipated cost is largely due to the expanded population of patients, including the elderly and those with comorbidities, who were previously excluded from treatment (46) . These expenditures are taken in the context of Medicare's current cost of $583 billion, representing 3.5% of the gross domestic product, with a predicted increase to 6.9% by 2088 (49) . The Affordable Care Act and new government-based insurance redirecting funds to cover millions of Americans will put new stresses on currently subsidized benefits like dialysis.
Justice and a Relatively Limited Resource
Change in the economic climate has led to scrutiny of health care spending, with an eye toward maximizing population health while still optimizing equitable distribution. When considering the just allocation of limited Medicare funds, the utility of dialysis for an individual is not merely compared with the utility to another patient with advanced kidney disease, but to payment for coronary stent placement, supporting cancer research, or instituting preventive health programs. Some calculations using QALYs suggest that dialysis provides relatively little value as compared with other health care measures (24, 50) . From an egalitarian perspective, it is unclear why ESRD should be uniquely supported when we are unable or unwilling to do the same for other chronic diseases such as heart failure, lung disease, and cancer (50) (51) (52) . Questions such as "On what basis should financial resources be allocated?" and "Who should decide on this foundation?" are ethically complex. The strategy of rationing medical resources has developed a negative connotation, and the Affordable Care Act explicitly rejects it (53) . However, others suggest that we are already implicitly rationing by "cherry picking" patients who show up to clinic appointments or are adherent to medical regimens, neglecting those who may fail to do so for reasons such as limited finances, cognitive disability, or comorbidity (54, 55) . As the early experience of the Seattle Artificial Kidney Center demonstrates, if rationing must play a role in allocation of limited resources, criteria need to be transparent and explicit to avoid unintentional discrimination. However, by denying that rationing must occur, we lose the impetus and opportunity to debate such criteria.
Conclusion
The history of development and dissemination of maintenance dialysis provides an example of how the four principles forming the basis of clinical ethics are variably emphasized as technology, resources, and societal values related to health care shift. No static hierarchy exists. Given this variability, one strategy to create more sustainable ethical solutions is to consider and address all four ethical principles as fully as possible. As an example, Medicare's National Quality Strategy's three aims of better care for the individual, better health for populations, and reduced healthcare costs (56), is a multipronged goal that can only be reached by addressing multiple, and sometimes conflicting, values. As medical technology evolves in a landscape of changing personal and societal ideals, clinicians and policymakers should be familiar with an ethical framework for evaluating appropriate initiation and allocation of medical interventions. 
